Summary Vegetables are rich sources of nutrients such as fiber, minerals, vitamins, and antioxidants. Vegetables also contain various free-form amino acids, which improves their nutritional and palatable value. Cooking alters the content of free amino acids in vegetables, which affects their nutritional values. In this study, free amino acid levels were evaluated after cooking vegetables by different methods, boiling, roasting in an oven, and using a microwave. Results showed that many vegetables analyzed contain aspartate and glutamine abundantly. On the other hand, hydroxyproline, cysteine, ornithine and citrulline are the free amino acids existing at low or undetectable levels in all vegetables tested. The total free amino acid content in vegetables tended to decrease after boiling, and almost the same amount of free amino acids was obtained in the cooking liquid. Roasting of vegetables in an oven resulted in an increase in the content of specific amino acids, including g-aminobutyric acid (GABA). Thus, it is important to choose the right cooking methods to prevent the loss of free amino acids. The results of the present study emphasize the changes in the contents of free amino acids during cooking with methods that are typically used on a daily basis. Our study on the dynamics of free amino acids caused by various cooking methods provides ample information for future nutritional studies.
Vegetables are rich sources of nutrients such as fiber, minerals, vitamins, and antioxidants. In addition, free amino acids are present in vegetables. As vegetables contain various nutrients, they serve as one of the most necessary components of a diet. Vegetables are usually cooked before eating, although some are eaten raw. The increase in digestibility often facilitates absorption of nutrients. Cooking vegetables by heating is used for the purpose of food safety, as heat tends to inhibit microbial growth. However, some nutrients such as polyphenols, glucosinolates, vitamins, and chlorophyll are reported to be lost during cooking (1) (2) (3) (4) .
Free amino acids in foods are sensitive to cooking methods. Raw rice undergoes significant alterations in the contents of glutamate (Glu) and aspartate (Asp) upon steaming (5) . Tomato roasted in an oven showed an increase in the level of free amino acids such as g-aminobutyric acid (GABA) and Glu. This observation was associated with specific enzyme reactions in response to the rise in temperature (6) . Roasting tends to raise Glu contents of vegetables and imparts better umami and taste (6) . Three different cooking methods, boiling, steaming, and stir-frying, were applied to raw bamboo shoot. Analysis of free amino acid contents of cooked bamboo shoot revealed that the composition of free amino acids was different among samples subjected to different cooking methods (7) . In comparison with other methods, steam cooking resulted in an increase in the content of glycine (Gly) and Glu.
The understanding of the dynamics of free amino acid contents and different cooking methods for vegetables is important for proper utilization of cooked vegetables as a source of nutrients. There have been many studies targeting the dynamics of specific amino acids like Glu during cooking, which are expected to affect the health of humans (6) ; however, few studies have investigated these dynamics of the more than 20 types of free amino acids. In this study, changes in the levels of 25 different free amino acids induced by cooking were evaluated to clarify the most suitable cooking method for the palatability and nutrition of vegetables. This study's results will contribute to the free amino acid database, which is under construction (8, 9) 
MATERIALS AND METHODS
Cooking methods and vegetables. For cooking methods, we referred to the Standards Tables of Food Composition in Japan 2015 (http://www.mext.go.jp/a_menu/ syokuhinseibun/1365297.htm). According to this table, various ingredients such as seasonings and oils are added; however, in this study, no seasonings or oils were added to eliminate any factor that might influence the composition of free amino acids during cooking.
Cooking with a microwave is useful way of reducing vitamins loss and cooking in a short time. It has been reported that a biologically active compound in red cabbage was increased by microwave treatment (10) . In this research, cabbage is examined with microwave treatment in addition to boiling. Vegetables used in this research were purchased from supermarkets in Shiga Prefecture or through mail order. The process and treatment of 7 vegetables are shown in Table 1 . Details of the treatment of vegetables are as follows: 1) Western carrot: Western carrot was purchased from a supplier in Kochi Prefecture. Three samples, namely, boiled, oven cooked (roasted), and raw were tested. Fresh Western carrot was peeled, washed clean, and vertically cut into 4.0 cm sticks. The samples were weighed and stored at 220˚C as raw samples. For boiling, the sliced samples were placed in a pot filled with water and boiled for 9 min. Boiled samples were scooped up and cooled to room temperature. For oven cooking, cut samples were placed in the oven at 200˚C for 15 min after the preheating of oven to 200˚C.
2) Kintoki carrot: Kintoki carrot was purchased from a supplier in Kyoto Prefecture and divided into raw and boiled samples. Fresh Kintoki carrot was first peeled, washed clean, and vertically cut into 4.0 cm sticks. A part of the carrots was weighed and stored at 220˚C as a raw sample, while the rest was placed into a pot filled with water and boiled for 12 min. These samples were scooped up and cooled to room temperature.
3) Sweet potato: Sweet potato was purchased from a supplier in Shiga Prefecture and was divided into raw and oven cooked samples. Fresh sweet potato was peeled, washed clean, and vertically cut into slices with about 1.0 cm thickness. The sliced samples were weighed and stored at 220˚C as raw samples. Another group of samples was placed in an oven preheated to 160˚C and roasted for 90 min. The oven temperature was then lowered to 150˚C and the samples were heated for an additional 15 min. 4) Snap pea: Snap peas were purchased from a supplier in Ehime Prefecture and divided into raw and boiled samples. The stem end and strings were removed from the fresh snap peas and discarded. The samples were weighed and stored at 220˚C as raw samples. Another group of samples was placed into a pot filled with hot water and then boiled for 2 min. 5) Cabbage: Cabbage was purchased from a supplier in Ehime Prefecture and divided into raw, boiled, and microwaved samples. Fresh cabbage was firstly washed clean and then divided by leaf. The samples were weighed and stored at 220˚C as raw samples. For boiling, a raw sample was placed into a pot filled with hot water and then boiled for 2 min. The sample weight after boiling was 95% of that before boiling. Microwave cooking was carried out by placing the sample in a heatresistant container, followed by heating at 700 W for 2 min. 6) Spinach: Spinach was purchased from a supplier in Fukuoka Prefecture and divided into raw and boiled samples. Fresh spinach was washed clean and the roots removed. The samples were weighed and stored at 220˚C as raw samples. For boiling, raw samples were placed in a pot filled with hot water and then boiled for 2 min. 7) Komatsuna: Komatsuna was purchased from a Fukuoka Prefecture supplier and divided into raw and boiled samples. Fresh komatsuna was washed clean and the roots removed. The samples were weighed and stored at 220˚C as raw samples. For boiling, raw samples were placed in a pot filled with hot water and then boiled for 3 min.
The ingredients were detected in the boiled water (cooking liquid) upon boiling of the vegetables. Hence, cooking liquid samples from snap pea, cabbage, spinach, and komatsuna were saved and used for amino acid analyses.
Extraction of free amino acids from vegetables. About 10 g of frozen samples were treated with 100 mm HEPES-Na buffer, pH 7.0, and homogenized on ice with a Tissue-Tearor (Biospec). The homogenate was centrifuged at 10,000 3g for 15 min and the supernatant was collected. Proteins in the supernatant were removed by adding 60% perchloric acid and the precipitate was separated by centrifugation. The protein content of samples was estimated by Bradford protein assay (Bio-Rad). Samples were subjected to ultrafiltration using CENTRI-CON ® 10 (Millipore) to remove any remaining proteins. After ultrafiltration, protein content was measured with the Bradford protein assay.
Amino acid standards.
, and l-tryptophan (l-Trp) were purchased from Wako Pure Chemical Industries, Ltd. These amino acids were added to type H amino acid mixture standard solution (Wako Pure Chemical Industries, Ltd.) to produce a working standard solution of 25 amino acids, wherein the concentration of each amino acid was 100 mmol/L in 0.1 n hydrochloric acid (HCl).
Amino acid analysis. Amino acid samples were treated with 4-fluoro-7-nitrobenzofurazan (NBD-F) and the derivatized NBD-amino acids were separated on a Zorbax SB-C18 column (3.0350 mm, 2.7 mm; Agilent Technologies) attached to a Hitachi Ultra High-Speed Liquid Chromatography system equipped with UV-Vis detector monitoring at 470 nm, or a Shimadzu Nexera XR Liquid Chromatography system equipped with a UV-VIS detector. Derivatization of amino acids was performed according to the Hitachi Ultra High-Speed Liquid Chromatography manual. NBD-amino acids were In all of the cooking methods, the value is shown in terms of the amount of per 100 g raw state.
Data area presented as mean6SE (n5 3). TFAA: total free amino acids, nd: not detected. In Table 2 eluted using a gradient of increasing elution solution B as follows: equilibration with 15%, 15-25% for 2.7 min, 25-35% for 3.5 min, 35-70% for 1.0 min, 70-85% for 0.1 min, and 85% for 1.5 min. Elution solutions A and B were purchased from Hitachi High Technologies. The flow rate was maintained at 0.550 mL/min throughout the analysis. Each food sample was analyzed thrice per extraction and the average values were used for analysis. The analytical system was stable and highly reproducible as previously reported, except for proline and b-alanine, which showed coelution (9) .
During the comparison of free amino acid dynamics between raw and cooked samples, significantly large changes in weight were observed; hence, cooked samples were expressed in terms of the amount of free amino acids per 100 g of raw material (mmol/100 g). The cooking liquid was converted from the amount of cooking liquid and the amount of boiled sample to the amount of free amino acids per 100 g of raw weight.
Amount of free amino acids eluted from vegetables during boiling (mmol/100 g) 5 Free amino acid concentration of cooking liquid (mmol/L)3boiling water volume (L)/sample weight (g)3100 g For comparison of the composition of free amino acids in vegetables between raw and cooked samples, data were analyzed by t-tests. A value of p,0.05 was considered significant. The significant difference in amino acids contents prepared at three cooking methods was resolved with 1-way ANOVA followed by Bonferroni correction by MS-Excel 2017.
Abbreviations of the amino acids analyzed are summarized in Table 2 .
RESULTS AND DISCUSSION
Many raw vegetables analyzed contain Asn and Gln abundantly. On the other hand, HYP, Cys, Orn and Cit are the free amino acids existing at low or undetectable levels in all the vegetables tested.
Western carrot
Western carrot contained high levels of Gln, Asn, and Ala. Other amino acids were also detected, but the levels of His, Arg, Thr, Gly, Met, Trp, Lys, Cys, Orn, and Tyr were minor. The effect of oven cooking was not significant except for the decline of Met, but the contents of Asn, Glu, Ala, and GABA slightly increased in oven cooked samples as compared with raw samples (Table  2) . However, boiled samples showed decreased levels of all analyzed amino acids as compared with raw samples, and a significant decrease in the total amount of free amino acids-actually one third of that of untreatedwas observed (p,0.05). Because of this, boiling would reduce nutritional values as well as taste. 
Kintoki carrot
Kintoki carrot contained abundant amounts of Gln (Table 3 ). The boiling treatment tended to reduce free amino acids; the total amount of free amino acids in boiled samples decreased to 65.2% as compared with raw samples. Individual amino acids, including Asn, Gln, and GABA, decreased to less than 60% (p,0.05) ( Table 3) . On the other hand, the contents of Tyr increased significantly after boiling (p,0.05). The levels of Leu also tended to increase. The amount of TFAA tended to decrease to about 65%.
Sweet potato
Sweet potatoes contained almost all types of free amino acids, with low levels of Lys and Cys (Table 4) . After roasting, the total amount of free amino acids fell to about 80% of that reported in raw samples ( Table  4 ). The levels of Asn, Asp, and Glu decreased to about 30% to 70%, whereas Ala and GABA levels increased by about three times (p,0.05). Gln level decreased after roasting. Eating sweet potatoes roasted in the oven would provide an ample amount of GABA.
Snap pea
Snap peas were rich in a few free amino acids in their raw state, including Asn, Gln, Ser, and Ala. The total amount of free amino acids after boiling was about 85% of that reported in raw samples (Table 5 ). Effects of boiling were significant on the GABA level, which decreased (p,0.05) after boiling; neither of the amino acids was detected in the cooking liquid. However, the levels of Asn, Pro (1b-Ala), and Trp showed small changes. Eating boiled snap pea without cooking liquid would provide sufficient free amino acids except GABA.
Cabbage
Cabbage contained large amount of Gln, followed by Pro (1b-Ala), Ala, and Ser. After boiling, the total amount of free amino acids decreased to about 30% of that reported in raw samples. Boiling resulted in a significant reduction in the levels of almost all amino acids ( Table 6 ). Examination of the cooking liquid revealed the loss of nearly all free amino acids after boiling. On the other hands, microwave cooking of cabbage retained about 80% of total free amino acids; Tyr in particular was increased after microwave cooking (p,0.05); however, a significant loss in GABA was evident (p,0.05). The loss of GABA in microwave cooking may be due to the unwanted break down of GABA probably caused by enzymatic reaction(s). The dietary intakes of not only boiled cabbage but also of cooking liquid like soups are recommended for the efficient utilization of free amino acids to improve palatability and their nutritional affect in the human body.
Spinach
Gln was the major free amino acid in spinach. Spinach contained almost every kind of amino acids. Effects of boiling on free amino acids in spinach were as follows: About 60% of the free amino acids were retained in spinach after boiling and the lost amino acids seemed to appear in the cooking liquid (Table 7) . However, GABA and Met disappeared after the boiling treatment and were absent even in the cooking liquid. It would be ideal for the purpose of nutritional values if boiled spinach were eaten with cooking liquid. However, this is not realistic since cooking liquid contains oxalic acid, which results in poor palatability. Hence it is recommended to eat boiled spinach together with other foods that contain much amino acids. Komatsuna Major free amino acids in komatsuna were Gln and Pro (1b-Ala). Other free amino acids were also present. After boiling, komatsuna lost about half of its free amino acids. GABA and Cys were absent, as their levels were below the detection limit, whereas 12 amino acids such as His, Arg, Asn, and Trp showed less than 50% retention after boiling (p,0.05) ( Table 8) . A significant amount of free amino acids was detected in the cooking liquid, probably owing to the extraction of these 12 amino acids after boiling treatment, resulting in the lowering of the nutritional value of komatsuna.
Vegetables are good sources of free amino acids. After consumption of vegetables, free amino acids are released during digestion and absorbed by the digestive system. Practically, not all vegetables are eaten raw, and most of these are cooked by boiling and/or baking. Hence, it is important to determine the amount and type of free amino acids sensitive to the cooking methods.
About 30-80% of free amino acids in vegetables were intact after boiling. Snap peas maintained nearly 80% of free amino acids present in uncooked samples, whereas Western carrot and cabbage lost most of these free amino acids.
It is evident that the behavior of these amino acids differed with respect to the cooking method employed. The most-affected amino acids were Asn, Gln, and GABA, which tended to disappear, probably through metabolism or destruction.
The contents of certain amino acids such as GABA and Glu were changed upon heating of some vegetables such as eggplants or tomatoes (6) . Glutamate decarboxylase (GAD) is the enzyme responsible for raising GABA contents after steaming vegetables (11) . A previous study employed three cooking methods for bamboo shoot cooking and compared the content of amino acids (7) . About 40 to 80% of amino acids were retained in their free forms after boiling, stir-frying, or steaming. Boiling resulted in a substantial decrease in total amino acid contents (7). In our study, similar results were obtained, but boiling resulted in a decrease in the free amino acid contents. We observed a similar tendency and the lost free amino acids after boiling were recovered from the cooking liquids (Tables 5 to 8 ).
The results of the present study highlight the changes in the contents of free amino acids during cooking with Table 8 . Free amino acids contents of raw and cooked komatsuna (mmol/100 g).
methods that are typically used on a daily basis. Furthermore, our study on the dynamics of free amino acids caused by various cooking methods should provide ample information for future nutritional studies.
